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ABSTRACT

T he alloys of Potassium-Sodium are under s tudy as a
heat transfer medium. Physical and chemical properties,
along with measurements of heat transfer coefficients on an
engineering scale, are being studied. This report is con-
cerned more with the description of apparatus and methods
than with measured results; however, preliminasry measurements
on density and viscosity are included.
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INTRODUCT I0H
Authorization

The study on the physical and chemical properties of
Potassium Sodium Alloy was authorized by BuShips Project 990/L6.

Statement of Problem

1. The program of study presented and discussed with
personnel of the Bureau has been followed with respect to the
phases of problem being investigated by the Laboratory and con-
tracted to the }Mine Safety Appliance Company 3ee App., A).

This report combines the results obtained by the two groups along
with other data pertinent to the program.

2. The Laboratory has designed and constructed spparatus
to measure some of the physical properties of alloys of potassium
and sodium. The properties to be measured immediately were vis-
cosity, thermal conductivity, specific heat, and the determina-
tion of the liquid solid phase diagrarm. Other properties such
as densities, heat transfer coefficlents and a study of the hand-
ling of the alloy are being conducted under a Laboratory contract
with the ¥ine Safety Appliances Company of Pittsburgh, Pa. Cther
properties and characteristics which appear to deserve study
will be determined to the extent justified by the project. Cer-
tain of the unseen difficulties are being solved. They are prob-
lems inherent in purification, transferring and maintaining the
alloy in suitably pure condition. The careful purification of
blanketing gases and transferring them in glass free from rubber
tubing has been necessary to maintain purity of the alloys. The
purification of the metals and alloys has been satisfactory for
the desired measurements only vhon the alloys were freshly dis-
tilled or stored with extrewe care. Distillatiors so far have been
rade in glass; however, a distillation unit of metal is nearing
completion.,

3. Thile results of work on the program is not as far
advanced as wes anticipated for this date, the status of the
active measurcrents are reported in the following paragraphs.

PEYSICAL PROPERTY !TASURE:TITS

Alloy Samples

li. Seven (7) samples of alloy have been chosen as stand-
ards for the measurement of all physical properties and 200 pounds
of each has been made up by and stored at the iZine Safety Appli-
ances Company plant. The samples were chosen with respect to
the published phase diagram such that freezing points of the sams
ples would essentially define the phase diagrem itself. The com-
position of the samples is given below with their corresponding
numbers.




Sample Wt. § K Wt. ¢ Na

b & 100 0
5 3 26
H €6 3

2 3 &
7 100

Viscosity

5. Preliminary measurements on viscosity were reported
in URL Report P-2931, 1l August 1946 (App. B). The measurements
reported were for 2.5.3,%’ potassium from 5.§°c to 600°C. The
viscosity in centipoises was 0.51L at 65.5° falling with temper-
atures at a decreasing rate to 0.256 at 600° with a slight rise
indicated between 600 and 700°C. These values were reported
with a probable error of & 10j%. The accuracy cannot be claimed
as being any better at this date, but the indicated rise in the
viscosity above 600°C has not been substentiated.

6., The metal spparatus in use was described in the above
report. lMeasurement of viscosity of the 65% potassium alloy is
underway. In addition to the apparatus, a guartz Ostwald vis-~
cometer has been constructed and is ready for calibration. The
distillation in glass indicates that pure alloy will present a
suitable meniscus in a transparent viscometer. It will be usu-
able on a few hundred degrees, if not over the full range.

Density

T. The density of the alloys were measured by MSA by
the method of welghing a plumbebob in the liguid alloys. This
method was previously used by Rinck for the determination of
density at elevated temperatures on sodium and potassium. The
densities v cre moasured over a range from room tcmperature to
700°C with constant and what appeared to be satisfactory values
obtained only at the higher temperature range. From 350 to L50°C,
a point, depending on the composition, developed below which
reproducible values could not be obtained with the plumb-bob
method. For lower temperatures, a dillatometer was used which
gave reproducible values. However, in some cases the density
against temperature curyes for the two methods do not. have ex-
actly the samec slope. Por the 50-50 mixture, the density varied
from 0.876 gm/ce at 100°C to 0,738 gm/ce at 700°C, while sodium
varied from approximately 0.94 to approximately 0.775 of the
same tempcrature ronge. The density of potassium over the same
temperature range varied from appsoximately 0.82 to 0.67. The
report on density from ISA is enclosed as App. C.

Specific Heat
8. A metal Dewar flask apparatus has been constructed

of mild iron and stainless steel. The containing flask is of
mild iron with a nickel plate on tho exterior and neck of thin
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stainless stcel tube. The inside container is threaded into

the housing flask which has & nickel plated intcrior., The vacuum
space iz maintained at low pressure by continual pumping. The
heater, stirrer and thermocouple are placed in the flask through
thin stainlcss tubes which arc closely baffled through the ncck
section to reduce convection from the metal surface.

9. Preliminary mcasurenents have indicated that the
specific heat of the alloy can be calculated directly from the
speeific heat of the elements and the concentrations. The speci-
fic heat agoinst temperature curves appears to follow a gradually
falling curve for the 1i3.3% K alloy indicating no sharp change
in the molecular stste of the alloy.

10. This unit has shown satisfactory results on prelim-
inary operation and should furnish data on specific heat in a
relatively short time.

Thermal Conductivity

11. An apparatus has been designed and constructed which
in plan is similar to that used by Professor Bidwell of Lehigh
University, for the study of heat conduction in molten metals.

It is essentially a vertical cylinderical container with a heater
at the top of the sample and a hoat well at the bottom. The
whole unit is raised to a constant temperature and then with
added heat in the top heater, an equilibrium is cstablished, and
from the measure of the gradicnts in the sampls and insulation,
the heat conductivity of the samplc can be calculated. This
rethod appcars to be more satisfactory for the alloys thon others
vhich have becn roviewed cnd discussed, and is the opinion of
Profossor Bidwell that the apparatus will give the desired ac-
curacy on measurcmente. HNeasuremente will be made in the second
quarter. It is planned to have Professor Bidwoll employed as

a consultant on this phase of the problem. MNoasurecronts were
rmode on thermal conductivity of 51,7% sodium, L8.3% potassium
alloy for the Argonne Laboratory by the Baktellc Memorial Insti-
tutc, I'easured results given in watts em™ cm °C™" were 0,253
st 100°C to 0.28ly at 500°C. Copy of the report is enclosed as
App., D.

Liguid-Solic Phase Diagranm

12, An impressive arount of work has been done on this
phase diagram and the later values appear to be in good accord.
Thur 1t moy be nccessary only to check a few compositions of
well purified metals in order to arrive at a satisfactory con-
clusion concerning the solid-liquid diagram, Apparatus has been
set-up in which the freezing point of the liquid will be deter-
mined. In all probability this phase of the problem can be
satisfactorily cleared up in a pericd of a month or two.

Vapor-Liquid Phase

13. During the work at this laboratory on the distillation
of potassium for the production of oxide, thc vapor liquid equi-
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librium for the alloys was of interest. The problem was sug-
gested to NDRC at the time, and Dr. G. B. Kistiakowsky ac Chief
Investigator studied the vapor liguid phase end published a
roport of the measured values. A copy of this rceport is en-
closed as App. E.

Terperatures at which XNa allovs "wet" metals.

1k, A nickel crucibls vhich could be maintaincd =t
elevated temperaturcs by an integral heater was onclosed in 2
glass flas) where the atmosphere could be controlled. Sarmples
of netals could be raised and lovored into the alloy in the
crucible by means of a glass shaft vhich rotated through a ground
glass joint and extended over the crucible. Samples were con-
nected to the shaft by thin wire which was wound on O6r off the
shaft as the sample was raised or lowered, The moniscus between
the alloy and the metal was observed during the lowering of the
sazple to determine at what temperature the metal surface was
"ret" by the alloy. A deprossed meniscus was rccorded as not
"wetting" while a flat or raised meniscus at the metal was ro-
corded as "retting". The strip metal samples were allowed to
submerge in the EKNa alloy between dipping tcsts to maintain them
at the temperature of the liquid alloy. The results rccorded
for metals and alloys are given below.

Summary of all conclusions on "wetting" tests

Metal ' 302K(by wt) Lsgx 652K
Soft Iron 270°C (a) 275°C (c) 310eg
(v)  330°
295%
Stainless 260° (a) 260° (c) 320°
Steel (b) 376°
290
Nichrome (b)340° (a) 270° 3ho°
3209 (a) 275°
: 330° )
Fickel (b)529° (a) 320° 350°
3452 320°

(a) These tests were the first ones run, when mineral oil
vas used and poesibly contaminated the metal sample.

(b) It was believed that the thermocouple was slightly in
error during these tests,

(c) These two temperatures vere not actually reached; but

were approached closely enough to give a satislactory
prediction,

sl



Bpet Transfer Coefficient

15. A flui¢ film on a solid is the greatest cause of
resistance to heat flow from a2 moving fluid to the solid. A
reasurcricnt of the resistance of heat flow in a system can be
rede by a corplete measurement of the temperatures in a vicin-
ity of heat transfer boundaries or it may be determined indirect-
1y by cslculations. The ecuastion for the calculstions hgs been
Cerived br SA snd is given in App. F. The resistance to heat
flov of an individual film is depondent on two dimensionless
grouns; the Reynolds Humber and the Prandtl Number. The effects
of the Rewvnolds Mumber are well Xnowvn, but the effects are un-
Imorm for very low Prandtl Mumbers. The Prandtl numbers for
Ifa 2lloy are much lover than those for flulds normally used
for hcat transfer mediw:. The mcthod described in App. F. is
designed to isolate the Prandtl number factor.

CONCLUSION

A study on the measurerents of the properties is being
continued.
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Program on the Study of Sodium Potassium Alloy

25 June 1946

This program is planned to be carried out by Naval Re-
search Laboratory with some of the engineering featurss
and measurements subcontracted to fine Safety Appliance
Company at Pittsburgh, Pa.

Physical Properties

A.

B.
C.

H.

Solid-liquid phase disgram. - NRL: Apparatus iz bteing
assembled to determine freezing points on the alloys
on hand and compositions to be made here. This appears
nscessary to check on the composition of carples since
freezing pointes can be readily taken., - FSA: XMay also
collect some dsta,

Li~uid-Vepor phase diagram (no work plammed irmediately)

Specific Heat apparatus being constructed. INo iSA work
planred.

Viscosity - WRL: Apparatus for reasurements in the plan-
ning stage.

Thermal Conductivity - iTRL: Drawing of an apparatus
is under vay. The liqiic thermel conductoncoe appara-
tus in cormon use must be redesigned for slloy.

Density - ¥SA: IBA-is making density measurerents on
the density of the slloys by the method of Rinck-i.c.,
weighing a motal plumb-bob in the alloy over & range
of temperstures.

ERL has planned to make some meassurerments on density in
glass over the lower part of the temperature range.

ISA has requested one or two of the glass bulbs we
planned on using. They will no doubt make measurements
in ther over a similar range.

Surface Tension - NRL: No imrediate plans.

Electrical Conductivity - NRL: Empericals relation have
becen prescnted botreen the electriesl and thermel con-
ductivity. hey will be examined ond mcasurements made .
at. this tims, only if they appear to be of value in per=-
fecting heat conductivity data.

Ungnotic Susceptibility - WERL or FSA (I'o w rk plonned
imsediately)

Chemical Properties

A,

Goneral Reactions

(1) With B0 XRL: ¥ow under way; ESA: In small heat
Ar¥Xlivnvia A



mte);'gi:gm%ger type models.

2) Reaction w th halogenated compounds KRL
and organics (gasket materials) ISA

Deoxidation and decarbonizatfon of metals and alloys.
NRL 2nd MSA and Chicago. ~ Methods not yet planned at
HRL or MSA.

Argonne Laboratory at Chicago has sorme dats showing
carbon iz removed from steel by alloys, and that stain-
less steel shows corrosion probably due to the oxygen
layer.

Organic reaction with alloy NHL with no definite plans
at prescnt. Tould be of interest or problem of gaskets
for syster: if necessary.

Methods of Handling, Storing, Shipping and Transfering.-
A, NRL will furnish vhet data is available from thes
worl here.

Contanminants of Potassiur Sodium Alloy =-- Oxides Iitrides,
Sulfides, carbides, hydrides, carlonyl, bydroxides.

¥RL plans sre for this work to be delayed to a little
later date or contricted out to a University.

Experimental heast transfer unit - ¥SA,

4. Construction

B, Operction %o verify reoseanrch information (1), (2), (3)
and (li):
(1) Determine hestiransfer coefficients

(ag Stationary

(b) Low Reynolds numbers
(¢) High Reynolds numbers

{2) Tube bundle

(33 Purps

(l.) Valves and fittings

(5) Life at 1200°F and at 1500°F

Corrosion and Erosion:
A. Corrosion
B, Crosion
C. ethods to minimize (A) and (B)

Continue on "ork in Chicago

APPENDIX A
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ARSTRACT

An Ostwald type viscometer has been used to measure values of viscosity
on a potassium-sodium alloy which was 43.4% potassium by weight, Vis-
cosity of the alloy at 72°C was 1,267 relative to water at the same
temperature. The values at higher temperatures were calculated from
the volumes of alloy flowing per second at those temperatures, and the
constant determined for the apparatus at 720C,
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INTRODUCTION

4, Authorization

1. This project was authorized by BuShips Project Order No, 990/46
duted June 24, 1946,

B, Statement of Protlem

2, The project covers the library and laboratory research necessary
to arrive at satisfactory values for the physical properties of Sodium

and Potassium alloys. The viscosity has been determined, on an alloy,

for 43./% X by weight. These values are the basis of this preliminary

revort,

€., FKnown Facts Bearing on the Problem

3 Absolute viscosities may be calculated from moasurements made in
a mmber of different types of apparatus. The type of avparatus to be
used is determined to a great extent by the characteristics of the liquids
under study. For the alloys which are particularly reactive with moisture
and oxygen, completely closed viscomcters are necessary. A preferred
method of getting absolute viscosity; that is the falling-ball method
with calevlations based on Stoke's Law would be somewhat difficult at
the high temperatures in an opaquc viscometer. The more readily used
method is a variation of the Ostwalt viscomcter where the amount of
alloy flowing in the capillary tube can be determined apainst time. At
the same temperaturcs and under the same pressurc head, measurcments
mode on two fluids will give a viscosity mcasurement of one relative
to the other, Water is customarily used as a reference fluid and
then from the absolite viscosity of water, the absolute viscosity of
the alloy at thc same temperaturc can be caleulated. This is the
vrocedurc which has been followed in the measurcments tabulated at the
end of the report., Tho relative viscosity has been calculated from
the relation E

! dty

T, T Tt

whero ny ard n, nre the viscositics of alloy and water respectively,

> the donsities, t; and t, the time required for cgual volume
o!‘ the i'luids to flow, From the rclative viscosity multiplied by the
absolute viscosity of wntcr at the same tomperature, the absolute vis-
cosity of the metals is determined at tﬁnt tomperature. This value
of the viscosity with the rclation n = = gives a valuc for the con-
stant k for the apparatus. n wos the viscosity of the alloy and v
the volume of alloy flowing in unit time, In this preliminary study
the value of k was considored constant for the tomperature range. This
constant, =ith the volumcs determined at temperature interwals, ws

.



used to calculate the absolute viscosity over the temperature range
given,

V¥ETHODS

A, Apparatus

'y An apparatus consisting of two horizontal tanks connected by a
small capillary tube was condtructed so that an upper tank (#1 on plate
1) and the coil of the capillary tube were enclosed in an electrically-
heated furnmace, The other tank was placed on the platform of the dial
scales which gave continuous readings of the weight of that container.
The bottom or #? container was also commected to #1 container by 1/4"
tubes through vhich the alloy could be forced from #2 to #1 container
with the aid of moderate gas pressure., The 1/4 tubing was sealed off
by a_cold trap at the point shown as #3 on plate #1,

5 The capillary and return tubes were of such length and flexi-
tlity that weights of the order of 2 grams would cause a reflection
on the dial scales. The dimensions of the capillary tube were 0,238
cm, inside diameter and 679 cm. in length.

6. The gas used in the viscosity studies vas helium which had been
purified by pessing it over peduced copper at 450°C and then through
reactivated charcoal at liquid nitrogen temperature,

B. Operation

7o From Plate 1, the operation of the unit was carried out as
follows: The alloy was run through the valve #4 into container #2
until avoroximately 900 grams had entered the container, Valve #4
vas then closed and helium pressure put on the #2 container through
tube #5 which forced some gas back through the capillary tube, tut

at the same time exerted sufficient pressure on the alloy to cause it
to flow through the cold trap (#4) into conteiner #1, When #2 was
nearly empty, as indicated by the scale reading, the pressure was re-
leased and the trap frozen in liquid nitrogen to form a seal against
the return of the alloy by this route., The vhole container and capil-
lary tube =ere brought to desirable temperature and, with a pressure
head adiusted to the desired value, the weight of the alloy which
flowed through the capillary into container #2 vas determined agaminst
time. The trap ™as then thawed and the operation repeated at various
pressures and temperatures as desired.

EESULTS

8. Measurements were made on vater at 72°C with the pressure head
at 6,65 em. of Hg. This gave 1,374 grams (1,407 cc) of water per
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‘second, Measurements were then made on the alloy over the temperature
range, At the same pressure head and from a curve of grams of alloy
per second against temperature, 1,110 grams of alloy flowed per second.
This gave 1.267 as a relative viscosity of the alloy at 72°C., This
value miltiplied by 0,3952, the absolute viscosity of water, gives
0,501 as the absolute viscosity of the alloy at 720C. Then with the
constant determined as mentioned in paragraph 3, the absolute viscosity
was caluclated at several temperaturcs over the range from.65.5°C to
700°C, The value for k was calculated as 0.5611 and the results on the
viscosity are given in Table 1 and plotted on Plate 2. Along with this
curve, values for pure sodium and potassium arc given, These values
were those published by ¥.S. Chione, Proc. Roy. Soc. London 4157,
264(1936) .
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TABIE 1

Temperature °C ! Volume cc/sce Viscosity centipoises
i e

65.5 ' 1.093 514
100 i 1.178 476
200 ; 1.415 «397
300 ; 1.645 .34
400 g 1.855 +303
500 ! 2.046 274
600 i 2.193 .256
650 | 2.223 ,252
700 l 2,167 .259
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ABSTRACT

Measurements of the denszity of seven standard samples of
K-Na alloys of various compositions were made and two density
va temperature OC curves are shown for each of the seven samples.
Measurements of density from the melting point up to about 200°C
were made using glass dilatomsters, and from 300 to 700°C the
density values were calculated from a measursment of the buoymncy
of & copper plunger suspended in the various alloys. A series of
curves show the varlation of density with composition of alloy at
500 intervals from 00C to 250°C and at 100° intervals from 300°C
to 700°C, The 2500C curve data was extrapolated from the dila-
tometer data because it sesmed to fit the density curves for each
master sample better than exirapolated buoyancy data.



INTRODU

A Aunthorization

This project was carried out under Task Order I of Contract
Féori-146 dated 25 June 1946,

B, Statement of Problem

Contract calls for Laboratory Research necessary to arrive
at satisfactory values for the physical properties of sodium and
potassium alloys. The denslty has been determined on 7 standard
samples of alloy. These values along with curves are supplied in
this report. Compositlon-denslity isotherms permit the estimation
of this density of any Nak alloy from melting point to 700°C with
% 0.5% accuracy.

C. Enown Facts Bearing on the Problem

Two common methods of measuring the density of a homogeneous
liguid are: (a) the measurement of the buoyant effect of liquid
alloy on a plunger suspended in the alloy at different temperatures.
(b) The measurement of the volume of a mass of the liquid in a dila-
tometer as 1t changes with temperature. This density is ocalculated
frem the squation d = m . Both methods were used at Mine Safety

v
Applisnces Company, method (a) at high temperature and method (b)
at low temperature.

Two maln difficultlies to be encountered are the procurement of
& good uniform sample that is representative of the master sample
in the standard sample pot, and the prevention of any exposure
vhatsosver of the sample to oxygen or molsture during sampling and
welghing or during the experiment while readings are being taken.
It has already been demonstrated by Rinck that below 300 or 400°C
it 1s very difficult to determine density by measuring buoyancy
because of surface tension and other phenomena that limit sensi-
tivity of the balance and prevent sufficient accuracy.

METHODS
4, Apparatus - High Temperature Measurements

An apgambus as shown in Plate 1 consisting of a nickel tube
15" long 1" inside diameter which contained an alloy sample approxi-
mtely 5% deep was enclosed in an electrically heated, well-insulated
furnace. The tubs was closed at the top by a plug through which a
brass tube was inserted (equipped with a side arm for nitrogen flow)
and which permitted the passage of a plunger suspended by a nickel
wire attached to a glass thread. The balance was placed on a table
over the furnace, insulated against heat on the bottom. The suspen~
slon was made from the left hand pan down through a tiny hole
drilled through pan, balance, and table, Power input to the furnace
was regulated by a large rheostat, The temperatures were measured

=



by s+t 67 R
the beitom o the %
tobe at spnreximiiely thy Tewd ailey. %he two Sempers-
tures were kept within 2°C in operation, and both wore calibrates
to rend correctly to within .25%C. Corrsot freezing points wers
obtained with theoss thormocouplss on known samples; which indi-
sates that lag in temperature was negligible. The niirogen was
purified by a hot copper furnace at about 400°G; a Callp towen
wd a PoOp tower. A% end of sxperimsnts the alicy was silvsyy on
the surface afiver 10 to 15 hours.

e 2f i

B, Opsration - High Temperature Msasurements

The plunger was weighed In air to ,000L g. and 1ts volume
celculated by weighing while suspsnded in distilled water. Using
density of water and occpper from the handbook and coefficlent of
expansion of copper by Aering % Davy {(Phys. Scc. 2-47 P 337 {1935}

a valus for tho velume of the plunger 2t any temperature wp &«

700°C could be culcuiated. This velue equals the volume ¢f the
aslloy displaced. The weight of this displaced alloy was taken as
weight of plunger suspended in alr minus weight of plunger suspends:
in alloy. Corrections to weizht in vacuum were considored negligi-
ble, since brass welight2 wore used.

C. Apparatus - Low Temperaturs Moasuremsnts

Glass dilatcmeters ussd by Mine Safety Appliances Company
were twe pyrex dilatometsrs salibrated by Baval Research Laboratory
and checked by Mine Safety Appliancss Company. See Plate 2, They
were cleaned carsfully and weighed after each filling. Yo appreci-
sble change in calibration toock placs since grsat cars was
exercised in preventing damags to the glass during testing. Dila-
tometers were clamped in a minerasl oil bath heated by brass
immersiocn heater with variac regulatcr and stirred constantly.
Temperature was measured with thermcmeter calibrated by
U S. Bureau of Standards and accurate tc 0.1°G. The bath varied
about 0.1°C at points near the dilatometers. Readings were tuken
on heating only because the alloy wots the glass rathsr easily and
prevents cocling ané repetitien ¢f readings.

D, Operatiun ~ Low Temperature Measuremsnts

Dilatometers were weighed in air suspended by a glass thread,
and values were corrected. to weighing in vacuc. They were flushed
with nitrogen free from 02 and Hg0. Alloy was introduced through
a long capillary tube. Dilatcmeters were waighed again, the
difference giving weight of alloy. Twoc samples of one alloy were
run simultaneousiy and aa analysis made for K content. Ths volumes
of the dilatometers were corrscted fuor thermal sxpansion using
coefficlent = 0.000025. Class caplllaries were used for allcys
of low freezing point and copper capillaries were used for alluys
cf high freezing point,

2=
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¢ 4t low temperaturss duplicabs runs were mads cn master samples
2, 3, 4, 5 and §; one run wis made on samples 1, and no runs were
imde on samples 7. It was found that the alloys richer in potassium
.gonerally wetted the glass dilatometers above 150°C rather easily
‘with the slightest vibration and mecde it 8ifficult to get readings.
‘Results cbtained on sample 3, the sutectlic, were higher than would
bs expected 1f the density-composition curves were straight or
nearly so, indicating that there may be a maximum in the curves in
-this range of composition. Results on samples 4 and 6 were lower
than was expected and is believed to bs dus to occluded air bubbles
in the dllatometsr. Improved methods of f£1lling the dilatometer
and increasing ths temperature range of avallable readings will
provide abundant data for the next progress rsport, particularly on
those of the master samples for which present data seems in any way

ustifiable. Probably the density~composition curves for C and
§0°C should not be straight lines as shown on Plate 10.

At high temperatures it was found that allcys richer in
potassium permitted more sensitivity in weighing the buoysncy of
the plunger, and thus better density values wers obtalned below
400°C in the case of K or K-rich alloys. The data on pages 4 tc 7
show the different runs as the temperature incressed, and as it
doecreased for each run as long as the balance showed sensitivity.

In the table below, , is the cosfficlent of thermal expansion
calculated from the straight line drawn from the dilatometer data
at low temperatures, and is that for the buoyancy data at higher
temperatures. Density figures for the temperature range above that
covered by the dllatometer data and below that covered by the
buoyancy data are cbtained from the extension of the straight lines
for each set of data until they intersect.

Coefficient of Cublcal ExpansiIon of NakK Alloys
Ve Vol(l e+ T)

Std.Spl. TC Range -X10% TO Range 2X10% A’;‘:i:
2 2 M.P. to 380 3.148 380 to 700 3.542 98.8
2 M.P. to 330 3.204 330 to 700 3.258 91.7
3 M.P, to 330 3.289 330 to 70O 3.219 78.6
4 M.P. tc 220 2.968 220 to 700 ] 3,199 65.9
5 M.P., to 300 3,436 300 to 700 3.133 43.4
6 M.P. to 300 3.051 400 te 700 5.144 29.4
7 Not run at low temp. 400 te 700 3.4569 0.2

B



Density Date for Standard Sample #

Tog Density o0 Density
Dilatometer Buoyancy
125 8130 493 o721
132 8120 550 =709
139.2 »8102 694 2676
147 .8082 693 «676
160 28048 573 +'706
Buoyancy 544 2713
312 2769 525 «718
358 o757 495 <724
372 o751 482 .728
405 o743 461 +732
409 » 741 444 ° 787
455 o732 398 744
496 2721 388 =750

Density Data for Standard Sample #2

Dilatomster Buoyancy
85,5 28284 340 .762
94.4 8271 342 «767

101.0 8255 341 + 767
108.0 -8239 388 »756
115,.5 -8219 399 <752
123.0 8200 483 =733
131,0 8180 506 .728
138,0 .8162 579 #7713
144.0 8138 581 «714
151.2 8129 627 «704
156.0 8116 871 2694
689 +650
115.5 82556 694 689
125.0 8234 644 2701
131.0 .8215 606 .709
138.0 -8197 565 «720
144.0 -8183 532 2726
151.2 .8164 484 739
157,.6 »8149 434 +745
165.2 »8130 4238 2750
171.4 .8114 420 <751
178,56 28097
185.0 .8081

il



Density Deta for Standard Sample #3

20¢ Density TOC Density
Dilatometer Buoyaney
112.3 -8442 462 =760
122.0 .8421 500 +750
127.5 +8404 535 +740
135,2 8385 566 734
142,3 8368 595 .728
149.0 8349 620 s721
157.0 8328 644 716
164.5 8309 678 709
171.1 ~8293 680 <705
178.2 8274 700 702
184.8 8259 700 2702
186.7 -8225 699 +703
204.0 8206 685 .708
Buoyancy 672 711
04 2768 842 2718
476 -'756 616 725
515 +747
537 +738 557 +735
579 <732 550 #7537
614 724 463 2758
651 J716 389 JT75
658 <715 an 779
641 J71%
583 at]

Denuity Data for Standard Sample #4

- Dilatometer Buoyancy
o -8656 510 . B

67.7 8646 577 2745

66.2 .B650 672 2721

72,0 »8635 633 2736

79.1 .8615 534 .758

81.0 8609

86,0 -8596 395 2790

9.0 »8578 465 2768

98.6 +8559 499 762
106.5 8543 562 +750
112.7 8542 607 «740
120.0 .8523 658 2728 .
126.8 -8505 709 <719
161.8 .84€8 704 2719
169.1 . 8447 834 738
175.8 -8429 532 5783
181.7 8410 528 '."1866
188.3 8391 429 o781

416 2783
. LIBRARY



Density Data for Standard Sample #5

TOC Density TOC Density
Dilatometer Dilatometer
23.8 9119 96,8 +8863
25.2 +8109 103.4 +8848
28.7 29113 110.0 «8827
49.8 +9029 142.0 +8749
8640 +8937 148.8 -8729
23,8 29083 156.8 «8710
25,2 +9087 163,58 »8689
26,7 .5082 oyancy
49.8 «9024 499 27867
85.0 .8929 500 2787
110.3 +8816 566 o771
119.6 +8795 559 771
127.2 8775 635 <757
134.5 8756 832 °756
142,0 +8735 899 «742
148.8 <8717 7c0 742
155.8 .8698 582 o771
163.5 8680 508 788
172.0 .8658 447 +802
95.9 +8867 381 +813
380 »820

Density Data for Standard Sample #6

Dilatometer Buoyane;
§7.1 +903%7 468 - ?
61.0 +9026 466 +818
68,0 +9007 462 819
73,0 +8992 512 =799
80.6 8871 582 785
87.7 +5950 585 +784
93.5 8933 891 «760

878 764
141.2 +8909 634 o773
149.0 -8888 573 »788
156.8 -8868 514 802
165.0 28847 478 +811
172.3 .8829 435 +816
180.2 28804
188.0 +8783
196,3 »8761
202,5 -8745
206.2 +8733
212,0 8717

B



Denalty Peta Doy Ctandard Sample #7

6

Buoyaney

Density
2938 (Hackspill}
.838

=S
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Report prepared by: Herbert Deem
H. %W. Russell

June 5, 1946

SUMIARY

The thermal conductivity of an alloy consisting of opnrox-
imately 50 per cent sodium and 50 per cent pdtassium by weight
was determined over a temperature range of approximately 100°¢c
to 500°C. The thermal concductivity of the alloy in watts crr."2
°C_1 was 0.258 at a mean temperature of 100°C. and 0.28l at a

mean temperature of 500°C. The thermal conductivity increased

linearly with temperaturs.
INTRCDUCTION

The use of a soéi\m—potassium alloy as a coolant nakes
some knowledge of its thermal conductivity at various tempera-
tures quite important. o such data were available, so a meas-
uring technique was devised and suitable apparatus constructed.
It was desired to make thermal-conductivity measurements at vari-
ous temperztures to appfoxmately 500°C., and this requirement
restricted the methods available. An alloy of sodium and potas-
gium is very active chemically, thus making important the choice
of container material and handling technique.

The method selected and used for the determination of ther-

mal conductivity was essentially that developed by the U. S.
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Bureau of Standards and described in Research Papers RPG68 and
RP669. The method, in brief, consists of heatiné one end of a
sample, measuring its temperature gradient, and determining the
quantity of heat passing thro_ush it by méans of a heat flowmeter
consisting of s standard metal of known conductivity at the cold
end. The sawple and standard are surrounded by insulation .and
guard tube. “hen handling a licuid in such measurements, it is
obviously necessary to provide a confining container and also

to provide for an unintez:rupted heat flow into and out of the
container., Stainless steel (18-3) was used as a container as
its conductivity (approximately 0.20 watts cm.— °C_l) is neear
that of the liouid.

APPARATUS

Figure 1 shows the a_pparatus used for thermal-conductivity
meusurementé of the alloy. The over~all dimensions of the
stainlegs-steel rod were 2 cm. in diameter and 15 cm. long to
conforr to the U. S. Bureau of Standards method. This rod was
made in two pleces with an end of each hollowed to a depth of
1 cm. with wall 0,005 inch thick. A small 1ip vas left on each
wall to facilitate joining the pieces by means of a stainless-
steel veld. After relding the pieces together, an leloy contain-
er vas formed with dimensions 0.789 inch long and 0.777 inch in
diameter. The 0.005-inch walls represented 2.5 per cent of the
alloy cross-secticnal area. A small hole, representing 1 per
cent of the alloy area, was drilled into the specimen chamber
for use in filling. A stainless-steel tube was welded to the

top, which served £s an expansion reservoir, and a small section
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of steel tubing permitted making a flame seal after the assemdly
wvas filled with alloy.

Thermocouples of 36-gage chromel "P" and alumel wire
were inserted as shovm in Figure 1. Small pieces of stainless-
stecl tubing 0.020-inch 0.D., (hypodermic needle stock), served
to hold the beads firmly at the bottom of holes drilled into the
stainless csteel and Armoe-iron standard. Locations of the ther-
mocouple holes were determined by means of a comparator micro-
scope.

A stainlees steel-clad copper cylinder was tin-soldered
to the upper end of the assembly and served to introduce heat
from the furnace. The lower end of the assembly was tin-soldered
to an Armco-iron standard cylinder vwhich, in turn, was soldered
to a water-cooled cap,

The furnace was designed according to U.S. Bureau of
Standards specifications, but was used in an inverted position
as shovmn in Figure 1. By iIntroducing heat at the top and with-
drawing it. from the bottom, heat transfer through the alloy by
convection will not occur., Three heating coils with individual
controls made possible the introduction of the desired amount
of heat into the copper cylinder, and also control of the guard-
ring temperature. Large-capacibty storage batteries were used
to heat the furnace to secure constant heat input.

Temperatures were measured at 12 points, as shom in
Bigure 1. They included 5 points on the stainless-steel assembly,
2 peints on the Armco-iron standard, and 5 points on the guard
ring. I"illivolt thermocouple readings were made on a Type K

Leeds and Xorthrup potentiormeter.
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Cooling water was circulated from a thermostatically con-
trolled tank constant to - 0.02°C at a rate of approximately

3.5 pounds per minute.

THE SODIUM-POTASSTUI ALLOY

Sodium and potassium of C.P. grade were melted individually
under petroleurm o0il, and then pipetted into a weighel container
of the same oil to make a 50-50 per cent by weight ‘mixture, A
chemical analysis of the alloy, indicated its composition to be
51.7 per cent sodium and 3.3 per cent potassium.

A neasured volume of 6.6 ml. was introduced into the speci-
men chamber which was sufficient to make the level approximately
as cshovm in Figure 1. Radlographs werec taken of the vertical
asserbly, both before and after the tests. Ti’xesa radiographs
established the liguid level, and also showed that no signifi-
cant voids existed at the upper alloy - stainless steel inter-
face.

The stainless-stéel assembly was evacuated to a pressure
of less than 0.1 micron and filled by gravity flow from an eva-

cuated vessel containing the liquid alloy.
RESULTS

Radial heat flow from the specimen assembly was made negli-
gible by adjustment of the temperature of the guard tube. The
temperatures of the upper and lower surfaces of the sodium-potas-
sium alloy vwere determincd by extrapolation of the measured tem-
perature in the stainless-steel. This extrapolation was made in
a nonlinesr menner, allowing for the variation of the conductivity

of stainless stecl with temperature. The conductivity was com-
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puted from the temperzture gradient in the alloy and the rate
of heat flow as Indlcated by tho temperature gradient in the
Armco-iron standard, and was referred to the mean temperature
of the alloy. A correction, which was iess than 1 per cent, was
made for the effect of the stainless-steel walls of the specimen
charber. The computed results of all runs made are shown in
Table -1.

Figure 2 shows a plot of the values given in Table 1.
As the cocld end of the specimen assembly was maintained

at the same lempercture for all runs, the rate of heat flow ine-
creased speciren tempcrature. Thus, temperature gradients are
larger and somevhat more accurately measurable at high specimen
temperctures. The curve as given in Figure 2 (Curve a) was,
therefore, drawn as a straight line, glving most weight to the
high-termperature points. Uhile the low-temperature points give
some indication of curvaturc, this is at the 1limit of the pre-
cision of the method. Hornbeck made thermal-conductivity
measuremonts of an alloy with a composition of 63 per cent sodi-
um and 37 per cent potassium by weight. His results are shown
in Figure 2 (Curve b). Table 2 pives thermal-conductivity values
taken from the line of Figure 2.

(1) Hornbeck, J. W., Thermel ancd Electrical Gonductivities of
the Alkall Metals, Physical Review 2, page 217, 1917,



TABIE1.

THER¥AL-CONDUCTIVITY VALUES FOR SODIUM-POTASSIUM
ALLOY OF COMPOSITION OF 51,3 PER CENT SODIUM AND
1,8.3 PER CENT POTASSIUX BY. WEIGHT

Mezcn Specimen

Thermal Conducti

vity

3
'gmcn

Tempgé-ature, giliodiv\?:ggt:;s

Run og o1 °
x 211,3 0.254
2 297.7 0.274
3 L96.5 0,282
Iy .6 0.278
5 379.8 0.276
6 223.7 0.261
7 222.6 0.263
8 216.1 0.271
9 2.6 0.2k49
10 139.0 0.215




TABLE 2. INTERPOLATED RESULTS OF THERMAL-CONDUCTIVITY
VALUES FOR SODIUM-POTASSIUK ALLOY OF COLPOSITION
OF 51.7 PER CENT SODICH AND L8.3 PER CENT
POTASSTIUK BY WEIGHT

ean Specimen Thermal Conductivity of
Temgeratuz-o, Sodiun-Potgsa ium Alloy,

c wattes em.”< om, °c-1

100 0.255

200 0.265

300 0.27,

Loo (1.277

500 0.28),

2 1 -1

Note: 1 watt em.™

om °67) = 0.239 cal. em. Zem.sec. og

HD:HVWR/LY
June 12, 1916
copied 2L Oct.,Lé EP



|

—suano Tuse
eaTen

[~in-s sTee suamo ruee

& [Ree-THERvOCOUPLES.

InsuLATION
W aion
InsuLaTION

METHOD OF INSERTING =5)
THERMOGOUPLES.

b
(e waren

e-micxe suano Tuse

Lot b

FIGURE |. APPARATUS USED FOR THERMAL—CONDUCTIVITY
DETERMINATION OF SODIUM AND POTASSIUM ALLOY.



THERMAL CONDUCTIVITY

og-!

" WATTS Gm2Gm.

30 (a)
(b)
=" > £
o
20
.10
o
o 100 200 300 400 500
MEAN TEMPERATURE - °C
FIGURE 2. CURVE (a) - THERMAL CONDUCTIVITY vs. MEAN

TEMPERATURE FOR SODIUM-POTASSIUM ALLOY.
COMPOSITION 51.7 % SODIUM, 48.3 % POTAS-
SIUM.

CURVE (b)- THERMAL—GONDUCTIVITY VALUES

FOR ALLOY OF COMPOSITION 63 % SODIUM ,
37 % POTASSIUM. WORK BY HORNBECK .

0- 3i80




Navy Department - Office of Naval Research

Naval Research Laboratory
Washington, D. C.

£ +* %*

CHEMISTRY DIVISION

10 April 1941

Repors on
VAPOR-LIQUID EQUILIBRIA

for
MIXTURES
. of
ALKALI METALS.
(SODIUM-POTASSIUM)
by
NDRC - DIVISIOH B
for the
Naval Research Laborctory

~ Report P-2958 -

Approved by:

Dr. P. Borgstrom Commodore H. A. Schade, USN
Superintendent, Director, )
Chemistry Division. Naval Research Laboratory.

Preliminary Pages. . . . » a-d
Numbered PagesS « « o o o« o o 7
Plates a v » » o % v & oo » 2



TATTONAL DEFENSE RESEARCH COMKITTEE

DIVISION B

Final Report on "Vapor-Liquid Equilibria for

Mixtures of Alkali Metals"

Serial No. 22

Copy No. 7

Date: April 10, 1941

Report No. 1 through 6 - Report No. 11

Dr. Stewart

No. 7 and 8 -

Com. Briscoe

No. 9 - V. K. Lewis

No. 10 - J. B. Conant
(Div. B Files)

Total Number of copies - 16

12
1
13

Dr. Stewart
for
distribution



Ser ial No. 22

NATIONAL DEFENSE RESEARCH.COMMITTEE
DIVISION B
Section L-6

Report on "Vapor-Liquid Equilibris for
Mixtures of Alkali Metals"

Endorsement (1) from G. B. Kistiakowsky, Official Investi-
ga tor, to W, K. Lewis, Vice-Chairman, Division B. For-
warding report.

(2) from VI, X. Lewis, Vice-Chairman -
Division B to J. B. Conank, Chairmen, Division B. For-
warding report and‘noting:

"This report supplies the data requested by the
Naval Research Laboratory for use in connection
W th th.sir study of the manufacture of potassium
peroxide.”

(3) Six copies forwarded to Dr. Irvin
Stewart, Secretgry of the National Defense Resgarch
Committae as Final Report under Contract (b-2h, ¥DCrell)
with Harvard University. Division B, Serial No. 22

/s/ :r. 3. Conant, Chairman
by Herris M, Chadwell



SUMMARY

Vapor-liquid equilibrium data for the system sodium-
potassium at one atmosphere have been determined experi-
mentally, and the results are tabulated in the attached
Table I.
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THE LIQUID-VAPCR EQUILIBRIUM

IN BINARY SODIUM-POTASSIUM MIXTURES
AT ATMOSPHERIC PRESSURE.

This final report on the liguid-vapor equilibria in the
sodium-potassium system has been somewhat delayed because of
several difficulties encountered in developing the technique
for accurate equilibrium measurements. Mainly, the difficulties
were:

1. The temperatures at which the alkali metals boil at
atmospheric pressure are so high that glass equipment can not
be used, and fused quartz is too rapidly attacked to be em-
ployed. The entire apparatus was constructed therefore of steel.
In view of some information in the literature that alkali metals
dissolve the constituents of stainless steels, ordinary mild
carbon steel was used for the first two designs. Our experience
has shown, however, that mild steel is so rapidly oxidized at
the high temperature in question that the units become unservice-
able before many measurements can be completed, Ordinary steel
had to be discarded therefore, and a third uhit was build of
the 18-8 stainless steel. The constancy of the boiling points
observed with this apparatus and the agreement of the observed
boiling point of potassium with that recorded in the literature
indicated that under our conditions the dissolving action of
the alkalis was negligible.

2. Very extensive superheating of the molten metals
occurred under conditions of our experiments and some difficulty

was encountered in overcoming this phenomenon.

(copy of OSHD report, Ser. 22)



-
figh surface tension of the molten metals causes cons
siderable inconvenience in maenipulations on a small scale.

Purification of Materials

Best commercially available grades of alkali metals packed
in kerosene were used. Under an atmosphere of carbon dioxide,
each sticl: was dried with filter paper and the outer crust cut
away, The Final traces of kerosene were removed by washing
with benzene, The alkalis were then purified in an all-glass
apparatus by high vacuum distillation; the distillation temperature
for sodium was 500°C and for potassium it was Loo°c. The sodium
was collecte 4 in a number of glass tubes of about 10 cc. capa-
city, each tube being successively sealed off. The bottom of
each glass tube had been previously blown into a thin-walled

bulb which could be broken at the appropriate time. Similarly,

100 cc. of pobaszium was distilled intc a flask provided also
with a thin-walled bulb,

Apparatus and Procedure

The still for the determination of the liquid-vapor
equilibrium is schematically shown in Figure 1. The entire
still was made of stainless steel and all the joints were hydrogen-
welded. After adecuate baking out at 900°C the still could be
evacuased to lO_hmm. pressure at this temperature and maintained
this vacuur for several hours.

The top, main body, and bottom of the still was hcated
separately. The top and the main body heaters were made of No.
18 ¢hromel-A wire, insulated by 1/8" percelain beads. Platinum

wire No. 22 was used for the bottom heater and was also insulated

(copy of OSED report, Ser. 22)
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by porcelain beads. Sil-0-Cell bricks, 3/L" thick and carved
to fit the apparatus, provided the heat insulation. In operation
the main body and the bend of the still were maintained at a
slightly higher (10°) temperature than that of the boiling metal
and the entire condemsation occurred in Section C, the cooling
agent being air, blown through the Jacket D. The air stream
was so regulated that the temperature of condensed metal in
Section B in the various experiments was between 150°C and 170°C.
%hen a steady state was reached, the Receiver E contained a
few cc. of molten metal of the same composition as that of the
vapor and the excess was being returned to the pot by the over-
flow Tube F. In order to keep the mectals boiling steadily it
was found necessary to pass a slow stream of nitrogen under the
surface of the liquid by means of Tube B. This tube was connected
to a source of carefully purified nitrogen, from which the last
traces of oxygen were removed by bubbling it through a liguid
eutectic mixture of sodium and potassium. Otherwise superheating
by as much as 100° occurred, followed by explosion-like boiling.
The volume of nitrogen passed was so small as not to effect
appreciably the partial pressurcs of the metals (about 6cc. of
nitrogen against some two to three liters of metallic vapors
per minute).

The temperature of the boiling metal was measured by a
platinum-rhodium thermocouple, protected by a gquartz tube and
placed in the “ell A, which reached within 2 cm. of the surface
of the liguid. Tt was experimentally found that displacements
of the couple in the well, changes of the heating current through
the main body heater, changes of the heating current (and there-
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fore of the rate of boiling) of the bottom heater and changea
of the rats of bubbling of nitrogen, had no effect upon the
temperature recorded by the thermocouple when pure potassium was
used in the boiling pot. The thermocouple was calibrated at the
melting points of a Bureau of Standards sample of alumjnum (m.p.=
660.15°C), and an analytical reagent grade of silver (m,p.=960.5°C).
A Chromel-Alumel thermocouple was used to measure the temperature
in VYell-AT'.

To maintain gonstant pressure during boiling, a 6l liter
tank containing highly purified nitrogen at 76 cm. pressure was
connected to the still, The inside surface of the connecting
tube was covered with freshly distilled potassium metal to prevent
the last traces of oxygen and mercury vapor from reaching the
still,

Before filling the still with alkali metals it was heated
to 800°C and hydrogen passed through it to reduce metallic oxides
formed in the process of welding.

Metallic potassium and sodium were introduced into the
still through the Needle Valve G, by means of a glass apparatus
which fitted vacuum~tight to the ground joint X, a special
cement (Shawinigan resin, m.p, 55°C) was used as the lubricating
agent. The filling operation was completely carrled out in an
atmosphere of pure nitrogen so that the metals remained free of
oxides. The Ground joint K and a similar one attached to the
Needle Valve H fitted also multiple glass receivers into which
1/2 gram samples of liquid metal were withdrawn in the abserice
of air after a stationary state of boiling had been reached,

The samples withdravm at K gave the composition of the liquid
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and those at H, the composition of the vapor. Before each with-

drawal a small quoentity of metal was sucked out of the Needle
Valves to flush them.

From the heats of vaporization of the two alkalis and the
energy input into the bottom heater, the boiling rates were com-
puted to be from .5 to 1.5 cc. of liquid metal per minute. After
the start of boiling approximately three hours were allowed for
the establishment of a stationary state before the first sample
was withdrawn. The next sample followed an hour and a half to
two hours later and an equal time interval elapsed before a
third sample was taken. The first measurement was mede using
the available 100 g. sample of pure potassium. Before ecach
successive point on the composition diagram was obtained, some
molten metal was wi thdrawn from the apparstus and an approximately
equal amount of sodium introduced. From the start to the finish
of the final scries of experiments here described, air was not
admitted to the system.

The method of analysis was as follows: first, a sample of
approximately .5 gn. of the sodium-potassium mixture was converted
to the hydroxides by the addition of absolute ethyl zlcohol and
then of 50 cc. of water. An aliquote part of this solution was
transferred to a weighed glass evaporating dish and titrated with
0.15N HCl using methyl orange as the indicator. The resulting
solution was evaporated to dryness in an oven at 110°C; in‘ order
to rermove the final traces of water, the dish was placed in
another oven at 160°C for five hours and then hcated to 300°
for 15 minutes. It was then weighed, rcheated and reweighed
again.

The weight of the resulting chlorides and the volume of
(eopy of OSRD report, Ser. 22)
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the acid used enabled one to compute the mole fractions of
sodium and potassium in the sample. By analyzing known mixtures,
this method has been found to be accurate to .005 in mole
fractions.

Experimental Results

The experimental data arc collected in Table I. A plot of
the experimentsl points on a large-scale temperature-composition
graph shows that smooth curves cen be drawm with individual
points deviating from the curves by lecss than 1° temperature
or 1 mole per cent composition. Such scattering is accounted
for by thc previously mentioned analytical errors and by randem
fluctuations of temperature during boiling, which normally

amounted tc less than 1°C. The fluctuation was due chiefly

to the irrcgular manner in which the condenséd liquid was
returned to the boiling pot through Tube F. The very high
surface tension of the liquid metals accounts probably for this
irregularity.

The results seem to indicate that some deviations from
ideal liauid mixtures exist in the sodium-potassium system.
These deviatdions are in a direction dbringing the vapor and the
linuid compositions closcr together. Quite likely the deviations
are duc to the formation in the mixed vapor of the molecules,
Klla, in addition to the moleculcs K2 and I\'EZ.

Since the equilibrium constants of the gaseous reactions
2 ¥ =Ky; K+ Ua == Kia; 2 ¥a ==Na, can be accuratcly calculated
from the available spectroscopic data, it should be possidle to
calculate theoretically the deviations from ideal mixture laws

for the potassium-sodium system. Such calculations may be

{copy of OSRD report, Ser. 22)



7—

profitable if information for several beiling pressures is

wanted.
TABLE T
POTASSIUN Il LIQUID PHASE
Boiling Point  MNole lole Mole lole 4 Wt. %
in °C Average & Sample % Sample % Sample Average Average
(1) (2) (3)
5 B 99.5 99.1 100.7 100.0  100.0
77 73 7l Trher s 833
596 - 75 -2 5 69.1
1y ho,2 El.z Eo.s 0.6 53.7
853 23.5 2).3 2h.2 2.0 3ﬁ.9
82 9.5 9.5 10.L 9.8 15.6
(882 - - - 0.0 0.0

Literature)

POTASSIUN TN GASEOUS PHASE

lole § 1lole ¥ lole & lole & Wit. &

Sample Sanmple Sample Average Average
(1) (2) (3)

- a2 ey 1%0.0 100.0
<1 3 -9 91.3
ki i 2 8573
63 E 02.5 51.6 2.5 73.8
Ls.lL Lh.5 Ls.1 45.0 58.1
23, 22,3 233%.1 22.8 33,1
= A - 0.0 0.0
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ABSTRACT

4 double pipe, counter currsnt, hsat exchangsr has besn
installed £o measurse heat transfar coefficients of the various
KNa alloys. A method of calculation has been devised to determins
these cosfficients and to study the effects of the low valus of
the Prandtl Numbar.
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INTRODUSTION
A. Authorlzaticn
1. This work was suthorized by Contract Fo, NBori-id46.

B. Statement of Problem

2. The project covers the snglireering rssesrch necessary to
dstermine heat transfer values of KNa zlloys. Values will be
determined on the seven standard samples in this apparatus.

C. Enown Facts Bsaring on the Problem

3. Heat transfsrred from a moving finld t¢ a sclid 1s retarded
by a fluld film at the liguld-solid interface. The resistance cen
be measured sxrerimertally sither by measuring the temperaturs of
thse metal wall, or indirectly through the use of ths squations
derived in this report. The ressistance of an Individual f£ilm
depends upon two dimensionless groups - the Reynolds Number and
the Prandtl Number. The effect of the former is well-known, but
the Prandtl number of KlNa alloya 1s much lower than those of ths
fluids normally used in heat transfer work, and the affect of

such very low Prandtl numbers is unknown. The method used in

this work 1s designed to isolais the Prandtl number factor.
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NOMEFCLATURE

Area of Iinside of inner tuba.

Heat flow rate through vall of Inner tube.

Hoat transfaor cosfficisnt, warm fluid to inside surface of

inner tube.

Heat transfer coefficient, outside of inner tube to celd

fluid,
Outside diameter of inmer tube.

Inside diameter of imnner tube.

Average diameter of innsr tude.
Equivalsnt diameter of annulus.

Inside cdlamster of outer tubs.

Thermal conductivity of inner tube.
Specific heat of fluld.

Mase veloclity of fluid through inner tube.
Mass velocity of fluld through outer tube.
Heated length of innar tubs,

Prandtl Number functicn.

Viscosity of fluld in inner tube,
Viscosity of fluid iIn outer tube.

Thermal conductivity of fluiad.

%1/aq

Mass flow rate,

DG .
_./:_ Reynolds Number
Ef(f-‘— = Prandtl Number

Overall cosfficient of heat transfer from warm
through inner tube to cold fluid.

2w

fluid
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4, Apparatus

4, An apparavus shown on Plats 1 was consbtructsd to collsst
experimental data to dstermine heat transfer coefficients of

Kia alloys. The test sectlon (R) was 22" betwesn thermocouples

and constructed of mild steel tubing. The inner tube has an

inside diameter of 0.402" and an cutside dlameter of 0.56"., The
outer tubs has an irside diameter of 0.87" and an outside diameter
of 1.00", Temperatures t43, tip; toy and top ere read on & Leeds
and Northup Porteble Procision poten%iometer with iron-constantan
thermocouples and an ice water ¢old junction. 4The alloy was heated
by & 2000 watt immersion hester (A) controlled by a powerstat.
Flow was measursd with an inclined mercury and 2 calibrated orif:
(F), Neo hexane was ussd to seal the alloy from the mercury. Fio
ws controlled by a valvwe (D} betwsen the Wortaingson 3T & Gear
pump {G) and the annuius {C}., A secondary doubls pipe heat
sxchanger {G) was used to cool the alloy. The surzge tank (3) was
used to absord expansiocn of ths alley.

Design of exchangsrs for higher temperaturss will bes basad
oo data obtained from this apparatus.

Sampls calculatiocns based on assumed date follows.
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